Proton-proton scattering contributes to the emittance growth of the SSC. A formulation is given and used to estimate the mean scattering angle, which is used to determine the contribution to SSC emittance growth resulting from elastic p p scattering. The method is based upon Lorentz invariants, and it permits the determination of the crosssection for scattering in the center of mass (c.m.) system, as well as scattering from a fixed target (f.t.). Also an example is given for the case of electromagnetic p p scattering, which results from single virtual photon exchange.
I. INTRODUCTION
The contribution from p p elastic scattering to transverse emittance growth is determined for the SSC. Elastically scattered protons with a small scattering angle will remain within the Collider proton beam. These scattered particles contribute to the growth of the beam's transverse emittance. Numerical results for emittance growth resulting from p p scattering and other sources are given in [l] . In this paper, a summary is given of the analytical methods that are used to determine the mean scattering angle resulting from p p elastic scattering. Lorentz invariants and cross-sections are defined in Appendix A.
PROTON-PROTON ELASTIC SCATTERING
The contribution to transverse emittance growth, for one degree of freedom, resulting from p p elastic scattering is given by where and Li are, respectively, the beta function and the luminosity at the ith interaction point. In this expression NB is the number of protons per bunch, M is the number of bunches, a ,~ is the p p elastic scattering cross-section, and JT is the rms value of the p p elastic scattering angle in the center of mass system, which is projected onto the transverse t-direction. A similar expression occurs for the transverse y-direction. The mean scattering angle can where UT is the total p p cross-section, b is the slope parameter, and p M 0 is the ratio of the real part to the imaginary part of the scattering amplitude. Assuming that the slope parameter is a constant, one can integrate the differential cross-section to obtain b M ~; / 1 6~a e l .
With the approxi- 
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The scattering angle for a proton of energy w = S/2m from a proton at rest is found from 2sin2(6/2) 4 (2.9) The matrix element for this process is In the high energy limit when S becomes large, one finds
The rms value of the c.m. scattering angle associated with (3.11) can be found using (2.8) in the form 
In the c.m. system, one finds the invariant expressions for energy, momentum, and scattering angle s, b, a), &C = &(s, C, d) 
In the fixed target system, the corresponding relations
The differential cross-sections are found from the definition of the invariant total cross-section for the interaction of two particles initially in the states la >, and Ib > and the subsequent production of an n-particle final state, where each particle is characterized by a momentum state Ipi >. (A131 The integration indicated in (A9) and (AlO), when there is a two-particle final state characterized by four-momenta c and d, is performed in the c.m. system using the momentum-space measure dc2 dd2 dcdd = Ic12dlcldQ,--dd-2cO 2d0 to find (3.3).
